Introduction
Many herbal products are used in traditional Chinese medicine (TCM). [1] [2] [3] TCM has attracted attention as a form of complementary medicine. Panax ginseng C.A. Meyer is one of the most famous herbal products available, and the root of Panax ginseng is used in some TCM treatments. The root contains many bioactive compounds, of which its major class is glycosides, including ginsenosides. There are more than 30 kinds of ginsenosides in Panax ginseng, and some have yet to be characterized. 4 A large number of studies about the pharmacological properties of ginsenosides have been reported. [5] [6] [7] [8] The main pharmacological properties of ginsenosides are that they inhibit the central nervous system, 9,10 relieve pain 11 and inhibit cancer-cell reproduction, 12 and they also improve diabetes 13, 14 and hypertension. 15 The pharmacologic effects of Panax ginseng are suspected not to result from one kind of ginsenoside, but from both the combination and amount of ginsenosides that it contains. Therefore, it is important to understand the effective combinations of glycosides from the pattern of components in the root. However, the relationship between complex mixture components and the bioactivities of ginsenosides has not been elucidated because there is no rapid and simple method for examining the different types of ginsenosides present in different extracts.
Recently, it has become possible to extract ginsenosides quickly and at low cost from cultured calli rather than Panax ginseng roots. However, the components in a callus are not identical to those that are found in the root. In addition, the present components vary with the culture conditions. Therefore, several bioactive components present in callus cultures produced under various conditions have been studied using liquid chromatography mass spectrometry (LC-MS). [16] [17] [18] However, some ginsenosides cannot be isolated using a reverse-phase or hydrophilic interaction chromatography (HILIC) column. Thus, it was difficult to obtain a pattern of components in Panax ginseng using conventional LC-MS.
Additionally, the identification of glycosides was studied using LC-MS/MS, [19] [20] [21] but it seemed to be difficult because the separation of LC is not enough to analyze the glycosides by LC-MS/MS. Therefore, a rapid and simple method is required to understand the effective combinations of glycosides from the pattern of components in the Panax ginseng, and to identify the differences between callus extracts, themselves, that have been derived using different culture conditions, and between callus extracts and root extracts. Two-dimensional (2D) mapping using different chromatographic separations coupled with mass spectrometry is a rapid and simple method for the analysis of a mixture using conventional liquid chromatography mass spectrometry. The 2D map could be created from two different chromatograms obtained with the same detector and different columns or separation methods. In this study, 2D mapping was applied to the analysis of components contained in Panax ginseng, and was evaluated in terms of its effectiveness in the separation of these components. The several glycosides included in Panax ginseng could not be sufficiently separated by one-dimensional chromatography with a reverse phase or a hydrophilic interaction chromatography (HILIC) column, but the components of Panax ginseng could be separated and visualized as a component pattern by 2D mapping. We showed that the components contained in the calli and their quantities were altered by the culture conditions in which the calli were grown by 2D mapping. 2D mapping is expected to be a useful method for visualizing complex component patterns found in glycosides and unknown compounds in foods. been developed to enhance the resolution of LC chromatography. [22] [23] [24] [25] [26] Here, two different columns were on-line coupled in an LC×LC system. The eluate from the first column was collected in a sample loop at regular time intervals, and then introduced to the second column to be separated and detected. The eluate that cannot be separated completely on the first column can be separated on the second column. The technique provides a 2D chromatogram within the two individual chromatograms. Furthermore, detailed structures of the eluate can be obtained using mass spectrometry. However, several problems exist with respect to the LC×LC system. Since the volume of the eluant trapped in a sample loop is limited during separation on the first column, the second column needs to have a short retention time. In addition, a multi-port valve, a multipump system, and software for integrating the 2D chromatograms are necessary. The automatic on-line LC×LC method is useful for separating and detecting multi-components, but it takes longer times to determine the LC conditions and to create the LC×LC chromatograms, and the LC×LC instrument is needed for the experiment.
Two-dimensional Mapping
2D mapping using different chromatographic separations coupled with mass spectrometry was developed by our group previously.
27 2D mapping is a rapid and simple method. The 2D map could be created from two different chromatograms obtained with the same detector, MS, and different columns or separation methods, such as reverse-phase and HILIC columuns. Each of the two chromatograms was obtained using two columns with different chromatographic behaviors, and integrated to create the 2D map. The two conventional LC-MS chromatograms provide two sets of data: the retention times (tR) as well as the m/z values and ion intensities. After digitalizing these data, a scatter diagram of tR was created on the basis of the m/z values, which served as an intermediary between the tR values of the two columns. The applicability of 2D mapping was then examined in order to characterize mixtures of synthetic polyethers in solution. 27 The 2D map is a prospective technique for studying the bioactivities of components in complex mixtures over a short period. In this study, we visualized the patterns of their components of Panax ginseng, and showed differences of components between calli and the root of Panax ginseng using 2D mapping. We suggest that 2D mapping is conducted using different chromatographic separations coupled with mass spectrometry as a good method for analyzing a mixture.
Experimental

Sample preparation
The samples that we used were extracts of the calli and the root of Panax ginseng (Zen-Noh, Tokyo, Japan). The root was harvested in 2010 after six years of cultivation in Daikonjima, Japan. Two kinds of calli prepared using different culture conditions, called "callus A and callus B", were provided by Nitto Denko Corp. Callus A was prepared to be cultured on a liquid medium for five years after the inducted calli had been sub-cultured on a solid medium for five years. Similarly, callus B was cultured on a liquid medium for 12 years after the inducted calli had been sub-cultured on a solid medium for three years.
A Murashige and Skoog medium (MS-medium) supplemented with 2,4-dichlorophenoxyacetic acid was used for both types of solid media. The liquid media for callus A and callus B were MS-mediums with and without (NH4)2SO4, respectively. The MS-medium without (NH4)2SO4 was used as a modified MS-medium. Extracts that contained ginsenosides were obtained as follows. Dried 500 mg samples were prepared by sonication for 1 h in 70% aqueous methanol. Each sample solution was centrifuged at 3000 rpm for 15 min, and the supernatant from this process was filtered using a membrane filter (0.2 μm). A mixture solution of seven ginsenosides (Re, Rf, Rg1, Rb1, Rb2, Rc, and Rd) was used as a standard. The structures of the ginsenosides in the standard are shown in Fig. 1 . 
LC-MS conditions
Mass spectra were obtained in the ESI negative-ion mode using an orbitrap mass spectrometer (Exactive, Thermo Fisher Scientific, CA). The electrospray voltage was -4.5 kV, and the flows of the nebulizer gas and the auxiliary gas were 13 and 6 L/min, respectively. ACCELA was used for HPLC (Thermo Fisher Scientific, CA). The injection volume of the sample solution was 10 μL and the mobile phases, A and B, were H2O and acetonitrile, which were injected at a flow rate of 0.2 mL/min. An aqueous solution prepared to ammonium acetate (60 mM) was added at a flow rate of 0.04 mL/min at the post-column stage. An Inertsil ODS-3 column (2. 
Preparation of 2D maps
LC-MS chromatography data of tR, m/z, and ion intensities were digitalized using the software program SIEVE (ver. 1.2, Thermo Fisher Scientific, CA). The noise level of the ion intensity was set to an appropriate value to remove any insignificant peaks, and to extract the chromatography data from the reverse-phase LC-MS and HILIC LC-MS. The data were extracted only over the range of m/z 600 to 1300, where the glycoside ions were observed. A scatter diagram of the retention times for the 2D map was created on the basis of the m/z values. The cross axle and the vertical axis of the 2D map showed the tR of HILIC and a reverse-phase LC-MS chromatogram, respectively. An exact mass obtained from an orbitrap mass spectrometer is needed for creating a 2D map with high resolution. For example, if the ions at m/z 500.001 were detected at a retention time (tR) of 10.0 and 15.0 min in the HILIC and reverse phase chromatograms, respectively, the point m/z 500.001 was plotted at coordinates (10.0, 15.0) on the 2D map. The ions obtained by LC-MS were plotted according to their m/z and tR values. This 2D mapping method is much simpler to perform than the conventional LC×LC method, because adjusting the LC parameters arising from a link between the two columns is not necessary. Since this method is actually based on two independent sets of LC-MS data for m/z, tR, and the ion intensity, the data obtained using different LC-MS instruments or previously measured data will still be available for other analyses. However, a problem arises if an analyte contains isomer ions in the two chromatograms. For example, isomers A and B of a compound are detected at tR = x and y in the reverse-phase chromatogram and tR = v and w in the HILIC chromatogram, respectively. The two isomers are then plotted at (v, x), (v, y), (w, x), and (w, y) on the 2D map. The four plots must therefore be inconsistent for two isomers. To remove any inconsistent plots, the MS/MS data of the LC-MS chromatogram are needed to identify each isomer. MS/MS experiments were not performed in this study.
Results and Discussion
2D maps of the standard mixture
A standard solution of seven ginsenosides at each 10 μg/mL (Fig. 1) was analyzed using LC-MS with the reverse-phase column. The resulting LC-MS chromatogram is shown in Fig. 2a . Ginsenosides Rg1 and Re were not separated at tR = 13.6, but the other ginsenosides were observed at tR = 17. -. All of the ginsenosides were not separated perfectly using the reverse-phase column. It is conceivable that the reverse-phase LC-MS is inadequate for analyzing a glycoside mixture, because it took more than 90 min to separate Re and Rg1 in spite of the gradient elution that was performed. The HILIC LC-MS chromatogram is shown in Fig. 2b . The peak at tR = 25.5 corresponds to ginsenosides Rg1 and Rf, and that at tR = 33.2 corresponds to Re. The peaks for Rd, Rc, Rb2, and Rb1 occur at tR = 34.6 and 40.2, 42.4, and 45.6, respectively. The ginsenoside isomers Rg1 and Rf could be separated on the reverse-phase chromatogram, but not on the HILIC chromatogram (Fig. 2b) . Ion species observed from Fig. 2a were similar to those observed from Fig. 2b .
As described above, we found that ginsenosides Rg1 and Re were only separated by the HILIC column. In contrast, the Rg1 and Rf isomers were only separated by the reverse-phase column. A 2D map was created from the two chromatograms to solve the problem of separation, as shown in Fig. 3 . The tR values for the HILIC and reverse-phase chromatograms were plotted along the abscissa and the ordinate of the 2D map, respectively. The 2D map showed that the plots for Rg1 and Rf, which were eluted together by HILIC LC-MS, and the plots for Rg1 and Re, which were eluted together by reverse phase LC-MS, could be separated. The peaks for Rb1, Rc, and Rb2 slightly overlapped each other in the reverse-phase LC-MS (Fig. 2a) , but they were clearly separated on the 2D map. The seven standard ginsenosides were well separated and visualized on the 2D map without using the online 2D LC-MS and the ultrahigh-pressure column, although it was difficult to optimize the separation condition of 1D LC-MS for the glycosides.
2D maps of Panax ginseng extracts
Next, we used extracts derived from the Panax ginseng to demonstrate that 2D mapping is a useful method for analyzing a mixture in food chemistry. Figure 4 shows the LC-MS chromatograms for the callus A extract and the root extract using the reverse-phase and HILIC columns. The seven standards and other compounds, such as isomers of the standards and unknown compounds, were detected. In Fig. 4c , the peak at tR = 45.7 is for Rb1, which can also be observed at tR = 18.6 in Fig. 4a , but the peak at tR = 37.4 for HILIC LC-MS (Fig. 4c) was an unknown compound that was not observable by reversephase LC-MS (Fig. 4a) . Therefore, the m/z value of the ion eluted at tR = 37.4 in Fig. 4c was not plotted in the 2D map. The same components can be observed in Figs. 4b and 4d . However, the chromatograms of the root and callus of Panax ginseng showed different peak patterns. The m/z 1193.594 and 1031.542 ions correspond to malonyl-ginsenosides. The chromatogram of m/z 1193.594 is shown in Fig. 5a . The m/z 1193.594 ion that can be seen as a deprotonated ion for both the reverse-phase and HILIC LC-MS might be malonyl-ginsenoside. The compositions of the malonyl group and the deprotonated unknown ginsenoside are C3H3O3 and C54H91O23, which have exact masses of 87.008 and 1107.595, respectively. The mass of the unknown ginsenoside was the same as those of some ginsenosides, such as Rb1. Therefore, the calculated mass of the malonyl-ginsenoside (C57H93O26) is 1193.595 (deprotonatedginsenoside -H + C3H3O3). The exact mass of deprotonated malonyl-ginsenoside corresponded to its experimentally determined value. The observed m/z 1031.542 also corresponded to a malonylated and deprotonated ginsenoside with the composition C48H81O18, because its calculated mass was 945.542 -H + C3H3O = 1031.542. Malonylation is an important reaction for removing xenobiotics from cells and vacuoles in higher plants. It is also important for analyzing plant metabolism to detect malonylated ginsenoside, which is a precursor of ginsenoside. Many peaks with low intensities were also detected in the mass spectra of callus A, but they were not observed by TIC. Some glycosides of the callus A extract that we observed were also seen in the chromatogram of the root extract. The ion m/z 955.489 detected from callus A extract (Fig. 5b) corresponded to a deprotonated ion of ginsenoside Ro. 4 The pharmacological properties of callus A and the root of Panax ginseng are different, possibly because of the different amounts and types of ginsenosides that they possess. Therefore, it is significant when analyzing their pharmacological properties to rapidly determine the components that are present in their extracts. Figure 6 shows a 2D map that details the pattern of components in the extracts for the simple analysis of these samples. A few dozen components were observed in the 2D map although most of them could not be visualized using each one-dimensional ion chromatogram (Fig. 4) . The plots on the 2D map in Fig. 6 are for those compounds related to Panax ginseng, since they do not involve the electric noise peaks of the mass spectrometer and the carryover peaks for each column. It was clear to us that the components of the root were different from those of callus A. The reverse-phase chromatogram indicated that hydrophobic compounds were more abundant in callus A than in the root (Fig. 6) . The extracts of both callus A and root also contained the seven standard ginsenosides.
Finally, we compared the 2D maps of callus A and callus B extracts. Low polar compounds were more abundant in callus A than in callus B. Further, there were more components in callus A than in callus B. We found that a culture of Panax ginseng callus grown in MS-medium with (NH4)2SO4 produced more low polar compounds than if it was cultured in MS-medium without (NH4)2SO4. The seven standard ginsenosides that we used in our work here were detected in both callus A and B extracts, but their relative ion intensities were different. Their relative intensities for the acetate adduct ions obtained from the area on the HILIC chromatogram were as follows: Rg1/ Rf/ Rb1/ Rc/ Rb2/ Re/ Rd is 1/ 0.15/ 0.27/ 0.06/ 0.05/ 0.04/ 1.15 for callus A, 1/ 0.14/ 0.33/ 0.31/ 0.29/ 0.18/ 0.65 for callus B, and 1/ 0.17/ 0.08/ 0.12/ 0.08/ 0.11/ 0.03 for the root. We feel that callus A resembles the root in terms of its pharmacological properties of seven standard ginsenosides, because the quantity of ginsenosides and the components in the root are similar to those of callus A rather than callus B. We thus determined that the amount of ginsenosides present in the callus depended on the culture conditions. The 2D mapping was thus determined to be a useful method for visualizing a complex component pattern derived from an array of glycosides.
Conclusions
Visualization of the component pattern of Panax ginseng was achieved by simple 2D mapping using different chromatographic separations coupled with mass spectrometry. The differences in the components between the callus and the root, or callus A and callus B that were cultured under different culture conditions were observed by crosschecking their 2D maps. The quantities of ginsenosides and the components present in the calli depended on their culture conditions. Malonylated ginsenosides were observed from exact mass analysis using a high-resolution orbitrap mass spectrometer. 2D mapping is a simple and rapid method for studying the relationship between a complex component pattern and the bioactivity of target samples.
